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SUMMARY 

An  A1  -  Sn  coating  was  investigated  as  a  protection  against  oxidation  of 
tcntalun  sheet  -  a  possible  material  for  the  combustion  chambers  of  ramjets  of 
hypersonic  aircraft.  Coatings  containing  equal  parts  by  weight  of  Al  and  Sn 
were  deposited  from  acetone  slurries  of  the  two  metals  and  mode  impermeable  by 
heating  in  vacuum  for  ^  hr  at  1050°C*  The  coatings,  which  then  consisted  of 
TaAl^  covered  with  AI  -  Sn  alloy,  were  assessed  by  oxidation  tests,  measurements 
of  substrate  hardening  and  mechanical  tests.  Tantalum  was  protected  for  up  to 
37?  hr  at  1500°C  and  3y  hr  at  l600°C  in  aim  .  Some  self-healing  occurred  due  to 
oxidation  of  molten  Al  -  Sn  alloy  at  defects  in  tho  outer  oxide  layer.  Substrate 
hrurdening  due  to  nitrogen  penetration  occurred  in  test-pieces  where  no  signs  of 
failure  had  been  seen  after  heating  in  air  at  1500°C.  Tensile  tests  however 
showed  that  coated  tantalum  could  be  hsated  in  air  at  1500°C  for  up  to  8  hr 
without  loss  of  ductility  at  room  temperature* 


Departmental  Reforenco:  CRL-58 


SWWBSi 


2 


fijlMTCffPR 

1  INTRODUCTION 

2  EXPERBIENTAL 

2.1  Preparation  of  test-pieces 

2.2  Coating  procedure 

2.3  Oxidation  tests 

2.4  Examinations  of  ooatings  and  substrate;; 

3  RESULTS 

4  DISCUSSION 

5  CONCLUSIONS 
Acknowledgement  8 

Table  1  Oxidation  test  results  for  tantalum  sheet  proteoted  with 
aluminium-50/3  tin  coatings 

Table  2  Results  of  mechanical  tests  on  coated  test-pieces 

Table  3  Hicrohardness  measurements  on  sections  through  tantalum  test- 
pieces 

Table  4  Nitrogen  and  oxygen  contents  of  some  hardened  substrates 
.Inferences 

Illustrations  Fi 

Detaohaible  abstract  cards 


3 

4 
4 


Figures  1-7 


3 


1  INTRODUCTION 

Tantalum  has  a  melting  point  of  3000°C  but  in  common  with  tho  other 
refractory  metals  it  has  poor  resistance  to  oxidation  at  elevated  temperatures* 
This  is  because  tho  principal  oxide  Ta„Or  is  porous  and  unprotec tivo#  Spoiser 
end  3t*  Pierre  have  reviewed  the  data  available  on  the  oxidation  of  tantalum 
and  they  quote  the  temperature  at  which  the  rate  of  oxidation  becomes  linear 
as  being  700  -  750°C,  The  rate  of  recession  of  a  tantalum  surface  heated  in 
air  at  atmospheric  pressure  is  roportod  to  be  10  cn/hr  at  1000  C*  Tantalum 
does  however  retain  a  useful  strength  in  vacuum  up  to  comparatively  high 
temperatures*  At  l630°C  for  example  the  strength  has  been  found  to  be  about 

p 

3500  lb/in  *  Furthermore  this  can  be  improved  by  alloying,  the  strength  of 

2  2 

Ta-IQ^S  Y?  alloy  being  about  12000  lb/in  at  tils  temperature  *  Tantalum  also 

has  the  vantages  of  ductility  at  room  temperature  and  the  fact  that  it  can 

bo  welded  more  easily  than  tungsten  or  molybdenum*  Therefore,  although  it  has 

the  rather  high  density  of  I0.6  gm/cc,  it  is  potontially  useful  for  high 

temperature  applications  such  as  ramjet  flame  tubes,  if  it  can  be  protected 

from  oxidation*  Attempts  to  produce  oxidation  resistant  tantalum  alloys  for 

3 

use  at  high  temperatures  have  had  no  success  so  attention  has  turned  to 

developing  protective  coatings;  this  field  has  been  reviewed  recently  by 

A  3 

Giboaut  and  Bartlett  end  Levinstein  and  TTlodok  * 

One  of  the  problems  vdth  protective  coatings  is  to  avoid  failures  due  to 

thorn al  expansion  mismatch  between  coating  and  substrate*  An  aluminium-tin 
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coating  has  been  developed  in  America  which  is  reported  to  be  self-healing  at 
elevated  temperatures*  This  coaling,  which  can  be  applied  by  hot  dipping,  or  by 
slurry  application  end  hoat  treatment  in  vacuum,  consists  of  a  layer  of  tantalum 
aluminide,  covered  vdth  aluminium  -  tin  alloy  which  in  turn  has  an  outer  skin  of 
oxide*  As  tho  aluminium  -  tin  alloy  is  liquid  at  operating  temperatures,  any 
small  defocts  in  this  oxide  are  clrdmed  to  be  repaired  by  oxidation  of  aluminium 
from  tho  aluminium  -  tin  layer*  Tho  oxidation  tost  results  quoted  appeared  to  be 
very  promising,  for  example  aluminium  -  50  wt  CJ»  tin  coatings  on  tantalum  -  1C$ 
tu:igsten  alloy  were  protective  for  40  -  120  hr  continuous  testing  at  1540°C 
in  air,  YShen  these  coatings  were  subjected  to  oxidation  tests  done  in  1  hr 
cycles  protection  was  obtained  for  at  least  10  hr  at  temperatures  up  to  l621°C* 
Consequently  it  was  decided  that  this  typo  of  coating  was  worth  evaluating  as  a 
part  of  a  programme  of  work  on  protective  coatings* 


Aluminium  -  50  wt  %  tin  coatings  were  applied  to  sheet  tantnlun  by 
slurry  application  and  heat  treatment.  These  coatings  were  then  subjected  to 
oxidation  tests  and  were  examined  by  metallography  and  X-ray  diffraction® 
Changes  in  hardness  and  ductility  of  tantalum  substrates  were  measured  after 
various  heating  times  at  1500°C  in  air  as  it  is  known  that  solid  solution 
of  oxygen  or  nitrogen  causes  embrittlement*  Similar  tests  were  done  in  pure 
nitrogen  to  investigate  the  permeability  of  the  coatings  to  nitrogen  in  the 
absence  of  oxygen* 

2  EOEiffliENm 

2*1  Preparation  of  te3t-t>ieoes 

Test-pieces  v/ere  cut  from  0*064.  inch  tantalum  sheet  obtained  from  Murox 
Limited*  Two  sizes  were  used  (a)  10  x  1  cm  for  oxidation  and  tensile  tests  and 
(b)  1  x  1  cm  for  experiments  involving  nicrohardness  measurements*  The  edges 
were  rounded,  the  test-pieces  were  shot-blasted  and  then  pickled  in  dilute 
hydrochloric  acid* 

2*2  Coating  procedure 

A  slurry  was  made  containing  equal  ’weights  of  aluminium  and  tin  powders 

in  acetone j  in  addition  ^  of  a  nitrocellulose  binder  was  also  added* 

Coatings  were  then  applied  to  the  test-pieces  either  by  painting  or  by  dipping* 

After  drying  in  air,  the  coatings  were  then  heat-troated  to  1050°C  for  4  hr  in 

**"3 

a  vacuum  (l  -3x10'  mmHg  pressure)*  The  aluminium  and  tin  molted  and  thus 

formed  uniform  non-porous  metallic  coatings  up  to  about  0,003  inch  in  thickness. 

Thicker  coatings  were  obtained  by  repeating  the  process*  It  was  found  to  bo 

—3 

necessary  to  keep  the  furnace  pressure  below  3x10  mmHg,  Higher  pressures 
resulted  nly  in  loose  powdoxy  deposits  due  to  surfaco  contamination  of  the 
aluminium  and  tin  powders* 

2*3  Oxidation  tests 


The  first  series  of  oxidation  tests  wore  done  at  temperatures  between 
1200  -  1600°C  using  resistance  heating,  the  ends  of  the  test-pieces  being 
clamped  in  water-cooled  copper  blocks.  The  lower  of  the  two  blocks  was  free 
to  move,  being  counterpoised,  so  as  to  allow  expansion  and  contraction  to. 
occur.  Testing  was  usually  dono  in  2  hr  cycles}  the  heating  and  cooling 
operations  were  controlled  so  as  it  takes  a  total  time  of  5  minutes,  i.e. 

2jlr  minutes  heating  and  2%  minutes  cooling*  Temperatures  were  measured  with 
an  optical  pyrometer,  no  corrections  for  emissivity  being  mado  as  the  necessary 

information  was  not  available*  Coatings  were  considered  to  have  failed  when 
growths  of  became  visible,  (see  Fig.l)* 
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The  second  series  of  test-pieces  were  oxidized  in  a  horizontal  platinun- 
vound  tube  furnace  at  1500°C*  This  method  was  adopted  as  the  snail  specinens 
used  for  the  nicrohardness  neasurenents  could  not  readily  be  resistance  heated 
and  tenperature  gradients  were  to  be  avoided  in  the  tensile  test  specinens. 
Tenperatures  were  neasured  by  moans  of  a  Pt/Pt  -  13/6  Rh  thernocouple.  These 
tests,  which  were  also  done  in  2  hr  cycles,  were  continued  for  pre-deternined 
periods  of  tine  and  were  then  followed  by  tensile  tests  or  hardness  neasurenents, 
to  see  if  eubrittlenent  of  the  substrate  had  occurred.  Several  test-pieces 
were  also  heated  at  15C0°C  in  pure  nitrogen  to  investigate  nitrogen  penetration 
of  the  coatings  in  the  absence  of  oxygen.  This  was  done  using  hardness 
neasurenents . 

2*4  Examinations  of  coatings  and  substrates 

Test-pieces,  both  before  and  after  oxidation  testing,  were  investigated  by 
netallography.  X-ray  diffraction  and  analysis  for  oxygen  and  nitrogen*  The 
conposition  of  the  coatings  after  deposition  and  heat  treatment  was  also 
deternined  by  chemical  analysis. 

Microhardness  neasurenents  were  also  nade  on  the  polished  sections 
previously  examined  by  netallography*  A  41  gn  load  was  used  for  all  neasure¬ 
nents,  producing  an  indentation  diagonal  of  about  25  ni crons  for  the  tantalun 
sheet  as  received*  The  majority  of  the  neasurenents  were  nade  25  —  50  nicrons 
below  the  ceating/netal  interfaces*  Mechanical  tests  were  done  using  2  inch 
gauge  lengths,  the  tensile  strengths  and  the  elongations  being  neasured. 

3  RESULTS 

Bright  netallic  coatings  were  obtained  with  thicknesses  ranging  between 
0.004  -  0*011  inch  as  neasured  by  nicronetcr.  However  as  the  coating  heat 
treatnents  resulted  in  some  formation  of  tantalun  aluninide  within  the  coating, 
the  true  thicknesses  were  slightly  greater  than  those  obtained  by  nicroneter. 

Met  allogr aphic  examinations  showed  that  an  addition  of  0.001  inch  was  necessary  * 
Thus  the  thicknesses  quoted  have  been  corrected  by  this  anount*  Fig.2(a)  and  (t) 
show  a  section  through  a  coating  after  deposition,  the  coating  consisting  of 
Ta  Alj  covered  with  A1  -  Sn  alloy. 

The  results  of  the  first  series  of  oxidation  tests  are  given  in  Table  1 • 

It  can  be  seen  that  protection  was  obtained  for  22  hr  at  1200°C,  3^  -  37^f  hr  at 
1500°C  and  2  -  3^  hr  at  l600°C.  A  typical  coating  failure  at  1500°C  is  shown  in 
Fig*1*  Failures  at  1500°C  wore  localized  and  tended  to  start  at  shoot  edges.  On 
the  other  hand  failures  at  l600°C  were  more  widespread,  and  after  the  coatings 


had  failed,  tantalum  oxidation  occurred  more  rapidly*  These  results  are  less 
promising  than  those  of  Lawthers  and  Sana^  who  claimed  that  Al  —  50$  Sn  coatings 
were  protective  for  at  least  ten  1  hr  cycles  at  temperatures  up  to  1 6 21  C  in 
furnace  tests*  They  also  reported  that  the  coatings  survived  100  cycles  to 
temperatures  in  the,  range  1200  ~  1540°C  using  resistance  heating*  In  these 
tests  rapid  coo3ing  was  achieved  by  means  of  an  air  blast*  The  substrate 
material  in  these  tests  was  Ta  -  10$  W  alloy*  However  Lawthers  and  Scma^ 
maintained  that  there  was  little  difference  between  results  with  tantalum  and 
Ta  -  1($  W  alloy  test-pieces# 

Table  2  shows  the  tensile  test  results  and  Table  3  gives  details  of  the 
microhardness  measurements*  It  was  found  that  substrate  hardening  could  occur 
after  heating  coated  test-pieces  in  air  at  1500°C  even  though  the  coatings  had 
appeared  to  be  satisfactoiy*  For  example  after  one  test  lasting  6  hr  the 
average  hardness  below  the  coating  was  approximately  doubled,  (See  Table  3> 

Ncs*  2  and  5)*  Similar  tests  done  in  nitrogen  also  resulted  in  hardened 
substrates,  (see  Table  3,  Nos*  8  and  9)*  Some  of  the  substrates  were  analysed 
to  determine  the  oxygen  and  nitrogen  contents,  the  results  being  given  in  Table  4* 
Substrate  hardening  was  caused  by  nitrogen  penetration  of  the  coatings  at  1500°C, 
whether  the  atmosphere  was  air  or  nitrogen.  This  is  discussed  in  more  detail  in 
the  next  section* 

4  DISCUSSION 

X-ray  diffraction  indicated  that  a  coating  after  heat-treatment  contained 
tin  and  tantalum  aluminide,  Taal^*  No  aluminium  was  detected.  However,  chemical 
analysis  of  a  similar  coating  using  hydrochloric  acid  to  remove  any  aluminium  and 
tin  did  show  aluminium  to  be  present,  the  41  -  Sn  ratio  being  0*22  by  weight. 

This  ratio  was  less  than  one  because  the  hydrochloric  acid  had  not  removed  the 
aluEdnide  layer*  A  second  analysis  involving  the  removal  of  the  coating  with 
hot  aqua  regia  and  concentrated  sulphuric  acid,  resulted  in  a  ratio  of  1 .04* 

This  is  in  good  agreement  with  the  slurry  ratio  of  1 .00  for  Al/Sn. 

The  changes  that  took  place  in  the  coatings  during  the  oxidation  tests  were 
investigated  by  X-ray  diffraction.  Photomicrographs  of  coatings  after 
deposition  and  after  8  hr  in  oir  at  1500°C  are  shown  in  Figs *2,  3  end  4*  It 
was  found  that  after  6  hr  in  air  at  1500°C  a  coating  contained  an  outer  layer 
of  oxide,  some  tin  and  the  c r  (Ta  -  Al)  phase.  The  oxide  contained  a-Al^O^  and 
another  unidentified  material.  By  analogy  with  the  cr  phase  in  the  Nb  -  Al 
system^  the  <T  phase  found  in  the  coating  probably  consisted  of  TagAl#  Thus  it 
appeared  that  all  the  TaAl^  had  been  converted  to  Ta^Al  during  the  test*  Thi3 


7 


is  in  agreement  with  Lawthers  and  Sana"'  who  found  the  phase  Ta^Al  in  an 
A1  -  50^  Sn  coating  on  Ta  -  10/o  W  alloy  after  10  hr  at  1482°C. 

Duiing  the  heating-up  periods  to  the  testing  temperatures  small  beads  of 

molten  A1  -  Sn  alloy,  usually  up  to  about  1  nn  diameter  were  seen  to  exude  from 

the  coatings*  These  were  quickly  oxidized  with  small  pieces  of  oxide  sometimes 

falling  from  the  test-pieces#  The  eventual  coating  failures  did  not  seem  to  be 

directly  associated  T<ith  the  points  where  beads  of  molten  alloy  had  been  seen* 

However  the  formation  of  these  beads  did  result  in  losses  of  A1  -  Sn  alloy  from 

the  coatings  and  it  was  noted  that  less  alloy  exuded  during  the  heating-up 

periods  the  longer  the  tests  had  been  running#  Thus  coating  failures  became 

more  likely  as  the  amounts  of  A1  -  3n  alloy  available  for  the  repair  of  defects  in 

the  oxide  were  reduced#  In  addition  to  this  the  concentration  of  aluminium  in 

the  A1  -  Sn  layers  was  reduced  during  testing  by  reaction  with  the  substrate* 

5 

Lawthers  and  Sana  maintained  that  it  was  important  that  a  protective  oxide  was 
formed  on  Al  -  Sn  coatings  before  the  concentration  of  free  aluminium  was  reduced 
by  reaction  with  the  substrate#  However,  they  suggested  that  after  the  Taul^  had 
been  converted  to  Ta^jAl,  the  concentration  of  aluminium  in  the  A1  -  Sn  alloy  layers 
was  still  sufficient  to  provide  self-healing  of  defects  in  tho  oxide  layers# 

The  foregoing  discussion  suggests  that  better  protection  should  be 

obtained  with  thicker  coatings#  In  this  work  it  was  found  that  coatings  up  to 

0,01 2  inch  could  be  deposited  on  1  x  1  cm  sheet  test-pieces*  In  the  case  of 

10  x  1  cm  test-pieces,  the  dripping  of  molten  A1  -  Sn  alloj*  from  the  substrates 

during  heat-treatment  made  it  difficult  to  apply  unifora  coatings  thicker  than 

0*009  inch,  A  recent  approach  to  the  problem  of  obtaining  thick  uniform 

coatings  involved  tho  addition  of  refractory  metal  powders  to  the  iJ.  -  Sn 

4 

slurries  «  During  heat-treatment  the  refractory  metal  powder  reacted  with  some 
of  the  aluminium  to  form  aluninide  particles*  This  Was  intended  to  prevent  the 
molten  A1  -  Sn  layer  dripping  from  the  substrate  by  increasing  the  viscosity# 
Sc-veral  compositions  were  tried,  an  example  being  the  addition  of  tantalum 
powder  to  a  slurry  of  ^<2  -  5 C$  Sn  powders*  The  amount  ci  tantalum  used  was 
sufficient  to  produce  1($  of  TaAl^  particles  in  the  coatings.  The  protection  this 
coating  gave  to  Ta  -  10^  W  alloy  test-pieces  was  6  -  7  hr  at  1i&0°C,  when  tested 
in  1  hr  cycles.  The  coating  thicknesses  obtained  were  only  0*006  inch  however, 
i,o,  they  were  not  ns  thick  as  some  of  those  applied  here* 

The  suggestion  that  thicker  coatings  are  more  protective  is  supported 
experimentally  by  the  microhardness  measurements#  For  example  the  average 
substrate  hardness  below  a  0,007  inch  coating  was  approximately  doubled  after 
6  hr  at  1500°C  in  air  whereas  the  average  hardness  beneath  a  0*012  inch  coating 
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was  virtually  unchanged  after  10  hr  at  15o0°C,  (see  Table  3  Ncs*  3  rad  ?')• 

V7hen  the  microhardness  measurements  were  being  made,  it  was  noticed  that 
substrate  hardening  tended  to  be  more  pronounced  near  the  sheet  edges*  This  nay 
be  due  to  the  formation  of  fissures  in  the  coatings,  os  shown  in  Fig *4,  which  was 
token  from  a  section  through  a  test-piece  after  8  hr  at  15Q0°C  in  air#  It  can  be 
seen  that  at  a  point  where  the  substrate  hardness  was  235  V#H*N#  fissui-es  were 
present  although  they  did  not  appear  to  penetrate  right  through  to  the  substrate# 
For  comparison  Fig»3  shows  another  region  of  tne  sane  section  where  :io  hardening 
had  occurred#  These  fissures  were  probably  caused  by  thermal  expansion  mismatch, 
tho  expansion  coefficients  (t-)  of  the  various  components  involved,  being  as 
follows:- 

o(Ta)  =  7.6  x  1<f°/°C  (20  -  1500°C)8 

a(Al)  =  27 #3  x  10Vc  (20  -  300°C)8 

a(Sn)  ^  24.2  x  10“8/°C  (20  -  200°C)9 

a(.4D.203)  =  9.7  x  10*Vc  (20  -  1500°C)8 

The  expansion  coefficients  of  TftAl^  and  Ta^Al,  although  not  known,  are  probably 
greater  than  that  of  tantalum* 


Thus,  on  cooling,  fissures  or  cracks  are  likely  to  occur  due  to  tensile 
stresses  resulting  from  the  larger  contractions  of  the  coatings# 


Another  feature  of  the  hardness  measurements  was  that  heating  in  nitrogen 
at  1500°C  caused  more  substrate  hardening  than  similar  exposures  an  air#  For 
example ,  6  hr  in  nitrogen  resulted  in  an  average  hardness  below  tho  coating  of 
478  V«HoN#  as  compared  with  286  V#H#N#  after  6  hr  in  air,  (see  Table  3  Nos#  3  rad  9). 
It  was  found,  by  determining  the  oxygon  and  nitrogen  contents  of  some  hardened 
substrates,  that  the  hardening  was  due  to  nitrogen  penetration  whether  the  test- 
pieces  had  been  heated  in  nitrogen  or  air,  (see  Table  4)«  For  example,  6  hr  in 
nitrogen  at  1500°C  resulted  in  a  nitrogen  increase  from  about  C«003  at#$  to  0.4Q1 
at<$#  Another  test-piece  heated  for  6^  hr  in  air  at  1300°C  was  found  to  have  a 
nitrogen  content  of  0.142  at*$  but  with  no  significant  increase  in  oxygen  content# 

The  hardness  variation  across  this  test-piece  is  shown  in  Fig,3#  The  main  reason 
why  hardening  was  more  pronounced  in  niti'ogen  was  that  an  appreciable  aluminium 
oxide  skin  had  not  been  formed# 


Variations  of  hardness  with  distance  below  the  coatings  ore  shown  in  Fig#6 
and  7  after  heating  to  1500°C  in  air  and  nitrogen  respectively#  The  fact  that 
hardening  could  occur  6 00  microns,  or  0.024  inch  bolow  the  coatings  indicated 
%  that  the  tensile  strength  and  ductility  of  tho  material  could  also  be  affected# 
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Tensile  tests  were  therefore  done  after  heating  test-pieces  in  air  at  1500  C* 

It  was  found  that  the  coatings  were  capable  of  preventing  loss  of  ductility  for 
up  to  8  hr  although  reduction  in  strength  occurred*  This  strength  reduction  was 
considered  to  be  partly  due  to  the  conversion  of  tantalum  to  tantalum  aluaihides* 
It  was  found  that  after  8  hr  at  1500°C  the  substrate  thickness  had  been  reduced 
to  about  0*056  inch*  The  thickness  after  the  coating  had  been  applied  was  about 
0*062  inch*  Another  cause  of  the  loss  in  strength  was  that  appreciable  grain 
growth  had  occurred* 

Although  none  of  the  oxidation  tests  described  here  were  done  at  reduced 

pressures,  it  should  be  mentioned  that  aluminium-tin  coatings  have  been  found  to 

fail  more  rapidly  when  tested  under  certain  high  teaperatnre/low  pressure 
4 

conditions  *  For  example,  about  70  wt  %  of  a  coating  was  found  to  have  been 
lost  afte?/  -5-  hr  at  1427°C  in  air  at  1*5  mnHg  pressure*  This  was  considered  to 
be  due  to  evaporation  of  the  liquid  A1  -  3n  phase*  On  the  other  hand  however 
the  coatings  were  found  to  be  stable  when  tested  at  3  mnHg  air  pressure  at 
1A27°C  and  also  at  6  mnHg  pressure  at  1538°C* 

5  CONCLUSIONS 

(1)  Metallic,  non-porous  coatings  up  to  0*012  inci  v,'  obtained  on 
tantalum  3hoet  by  applying  slurries  containing  equal  weigi  j  cf  aluminium  and 
tin  powders  in  acetone,  followed  by  drying  in  air  and  vacuum  heat-treatment  for 
£  hr  at  1050°C* 

(2)  X-ray  diffraction  and  chemical  analysis  showed  that  the  freshly  formed 
coatings  consisted  of  tantalun  aluoinide  TaAl^  covered  with  an  alumioinm-tin  alley. 

(3)  The  coatings  were  found  to  protect  tantalum  sheet  test-pieces, 

0*064  inch  in  thickness,  for  up  to  37j  hr  at  1300°0  and  3?  br  at  i6C0°C  in  air* 

The  average  lifetimes  at  1500°C  and  l600°C  were  13j  hr  and  1y  hr  respectively* 

(4)  During  tho  oxidation  tests  the  tantalun  aluninido  TaAl^  was  converted 
to  tho  lower  aluminido  Ta^Al  by  reaction  with  the  substrate® 

(5)  The  oxidation  resistance  of  the  coatings  was  a  consequence  of  the 
formation  of  an  outer  oxide  layer  which  contained  alumina*  The  coatings  were 
self-healing  due  to  oxidation  of  molten  aluminium-tin  alloy  at  defects  ir.  this 
oxide  layer* 

(6)  Hardening  of  the  substrate  sometimes  occurred  in  test-pieces  when  no 
3igns  of  fai?ire  had  been  seen  aftor  heating  in  air  at  1500°C*  It  was  found 
that  the  thicker  coat5ngs  were  more  effective  in  preventing  hardening* 
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(7)  Estimation  of  the  nitrogen  content  of  a  hardened  substrata  after  an 
oxidation  test  lasting  &§■  hr  at  1 500°C  showed  that  the  hardening  in  air  was  due 
to  nitrogen  permeation* 

(8)  It  was  confirmed  that  the  coatings  were  slightly  permeable  to  nitrogen 
at  1500°C.  in  that  heating  for  6  hr  in  a  pure  nitrogen  atmosphere  caused  substrate 
hardening  due  to  an  increase  in  nitrogen  content* 

(9)  Tensile  tests  done  on  coated  test-pieoes  showed  that  the  coatings  were 
capable  of  preventing  loss  of  ductility  at  room  temperature  for  up  to  8  hr  heating 
in  air  at  1500°C* 

AnKWOffhmaTgvwr.c. 

The  author  is  grateful  to  Mr*  D#  Clark  who  examined  the  coatings  by  X-ray 
diffraction  and  to  Mr*  M«  S*  Binning  who  did  the  tensile  tests* 


Tnhlo  Oxidation  test  results  for  tent nlum  sheet  Protested  .witJi-almniniua  -  .r)Q&  ..tin  QQ&tinfla 
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FIG  1  FAILURE  OF  AN  ALUMINIUM -50%  TIN  COATING  ON  TANTALUM  AFTER 
3*  HR  AT  1 500°C  IN  AIR  (X  1.5) 
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FIG. 2(a)  SECTION  THROUGH  A  TANTALUM  TEST-PIECE  AFTER  APPLYING 
TWO  COATINGS  OF  ALLMINIlM-50%  TIN  (X  250) 

(b)  SAME  FIELD  OF  VIEW  SEEN  THROUGH  PARTIALLY  CROSSED 
NiCOLS  (X  250) 
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Fig.3&4 


FIG. 3  FIELD  OF  VIEW  WHERE  NO  SUBSTRATE  HARDENING  HAD  OCCURRED: 
MICROHARDNESS  WAS  132  V  H  N  (X  150) 
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FIG. 4  FIEJLD  OF  VIEW  SHOWING  AN  EDGE  WHERE  LOCAL  I  ZED  HARDENING 
OF  THE  SUBSTRATE  HAD  OCCURRED:  MICROHARDNESS 
WAS  235  V.H.N.  (X  150) 

FIG. a  &  4  SECTION  THROUGH  A  TANTALUM  TEST -PIECE  COATED  WITH 
ALUMINIUM- 50%  TIN  Af®  HEATED  IN  AIR  FOR  8  HR 
AT  1500°C  WITHOUT  FAILURE 
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